It is only recently that serological methods have attained practical significance in the diagnosis of gonococcus types. Torrey (1907) and Teague and Torrey (1907) demonstrated differences of type in different strains of gonococci by agglutination as well as by complement fixation and, in addition, by precipitation in rabbit immune sera. They examined 10 strains, of which 6 could be classified into 3 serological groups. In a later investigation, Torrey and Buckell, (1922) by serological examination, endeavored to obtain data concerning the frequency of the individual types in a large number (77) of strains, some of which were twelve years old. Since they encountered great difficulties in the production of suitable diagnostic sera, they obtained unsatisfactory results both by agglutination and absorption. They assumed that the gonococcus antigen is very unstable as they did not find any sharp differences of types in the 3 serological groups (regular, intermediate, irregular) which they finally established. They found several strains whose sera had a very great range of reaction so that the majority of the different strains of gonococci examined were able to absorb several of these 9 sera for the homologous strains. On the other hand, it was not found that all the strains which furnished the overlapping and apparently very good sera, were identical. They were by no means able to absorb all the antisera of those strains which, on their part, had absorbed these seraa with wide antigenic valency." These authors, therefore, could not combine all the strains which absorbed exactly the same sera, into one group as the SEROLOGICAL CLASSIFICATION OF GONOCOCCI semi-solid state) to meningococci with particular reference to colony morphology. He made a comparison between Gordon's type II meningococcus and a strain of the same author's type I, which had been cultivated for a long period of time, and showed that such a degenerated type I could not be differentiated from a type II on the basis of colony morphology. When incubated for a long period of time on this culture medium, the shape of the freshly isolated and undegenerated type I could be easily distinguished because it formed papillae and exhibited a characteristic form of colony with a halo while type II had neither papillae nor halo.
Atkin found quite analogous varieties of gonococci and has established a parallelism of sharp serological differences between the antisera of both of these colony types. He was able to show, in a comparative study of a great number of chronic and of some acute cases of gonorrhea, that gonococci which had been isolated from chronic cases were acted upon by a type II serum obtained from a 2-year-old cervix strain which exhibited all the characteristics of a degenerated type I or were influenced by the sera of both types. Gonococci which had been isolated from acute cases were agglutinated either by the serum of a strain which formed papilla-bearing colonies (type I) or remained altogether unaffected by either serum.
However, these investigations did not clarify the question of the importance and frequency of the single types of gonococci.
Another method, namely, the cuti-reaction, has played an equally important r6le in the indirect demonstration of gonorrhea by immunological procedures. Because of the sensitivity of healthy individuals, however, this reaction was repeatedly rejected. This sensitivity was a consequence of the use of suspensions of gonococcus cultures or its soluble extracts as test antigens. In a preceding paper (Casper, 1930) we have demonstrated that in a great number of cases a protein-free derivative which had been obtained from a gonococcus strain designated by us as type I, gave a strictly specific reaction, i.e., normal persons were not at all affected, while gonorrheal individuals, as a rule, showed characteristic skin reactions.
As was emphasized in that paper, this antigen was obtained from a strictly type-specific gonococcus strain which was not agglutinated by a high-titer heterologous antiserum. The antigen was examined by precipitation with the antisera of both types and was demonstrated to be strictly type-specific. Conversely, the protein-free antigen obtained from the more infrequent type II was also found to be strictly type-specific.
The purpose of the present paper is to report the results of the fundamental diagnostic agglutination tests which preceded the production of these type-specific antigens (Casper, 1937 tend to agglutinate spontaneously in saline or in normal rabbit serum. In our experiments, we first used 5 per cent horse blood agar and later the blood-water agar (Casper, 1929) on which gonococci showed an optimum growth and did not degenerate so quickly. But even when the best possible culture media are selected the tendency towards spontaneous agglutination cannot always be excluded. Therefore, we never use such strains for the production of antisera and have considered them separately in establishing the frequency of the types. Preparation of serum: in the preparation of our first batch of sera we followed the precautionary measures advised by Tulloch namely, the use of killed vaccine in order to avoid autolysis and the production at one time of all the antigen necessary for the entire process of immunization. Although Torrey and Buckell consider the temperature of 600C. used by Tulloch as too high and deleterious to the antigen, we obtained good results with this method. But we also obtained good sera with living cultures which had been freshly prepared for each injection if the strains used had not been isolated too long previously. We obtained a good serum from a 1-year-old laboratory culture of our strain 1 (type I). Other strains of this age, however, were not suitable because they overlapped too much.
A partly living, partly dead vaccine was injected intravenously every 4 to 6 days in increasing doses of a, -, 1 to 16 loops. After the injection of 8 loops, a trial bleeding was made and agglutination tests performed. After the injection of 16 loops, the animals were exsanguinated and phenol added to the serum.
To find suitable types we proceeded in the following manner: rabbits were first immunized with 3 freshly isolated strains. The sera of these 3 strains proved to be identical in the absorption and had a titer of 1: 800 to 1: 1600. A number of freshly isolated strains were then examined for agglutination in 1:25 to 1:1600 dilutions of these 3 sera. The sixth and seventh strains examined did not react at all with these sera, not even in the strongest concentration (1: 25 Controls were done in all cases consisting of: (1) normal rabbit serum in various dilutions and (2) one control in saline. We regarded as uncertain all reactions in which a strain was spontaneously agglutinated in saline (even to a slight degree) or influenced by normal rabbit serum. These we have gathered into a special group which will not be taken into consideration in the calculation of the frequency of the types. According to our preliminary tests with strains from chronic gonorrhea it seems that these strains, particularly, tend to agglutinate spontaneously to a lesser or greater degree.
In addition to both of these principal types, we distinguished those types which are not influenced by either serum and which, therefore, probably belong to another type (shown under the heading group 3 in table 2).
Furthermore, strains which were sensitive to the same degree in both sera and strains which were only weakly sensitive in both sera (never more than 1: 200) have been found. In the latter case a difference in titer in one serum of 1: 200 and 1:50 in the other serum seemed to be insufficient for diagnosis without the aid of the absorption test (cf. table 4).
Since most of the strains could be typed by comparative agglutination, we have used the absorption test in only a small portion. In the absorption test, both sera were simultaneously absorbed for the respective test strain. The difficulties which resulted from this, especially in those cases in which the strains were degenerated as a consequence of long cultivation, will be later discussed in detail.
The confirmation of the diagnosis by preparation of an antiserum from the examined strain was relatively seldom necessary. However, sera were prepared with 18 strains. Moreover, purified protein-free carbohydrate fractions (Casper, 1937) were also prepared from 6 strains and the type-specificity determined by examination with both antisera. Conversely, some of the antisera were established as type-specific by precipitation tests with both carbohydrate fractions.
In the following we report on the results of our investigations which extended over a period of several years (1927) (1928) (1929) (1930) (1931) (1932) (1933) (25) and that strain 48 gave an equally low reaction (1: 100) in both sera. According to our scheme, these two strains had to be assigned to groups 5d and 6b, respectively (table 5) .
Whether it can be concluded from this that the type II antigen is particularly sensitive to heat remains uncertain. The fact that, in testing the thermostability of the isolated type-specific carbohydrate fractions, precipitation with the undiluted type II substance decreased markedly after heating while the substance prepared from a type I strain withstood heating, speaks in favor of this conclusion.
Two (65, 67) of the 7 strains, which were tested with the unfiltered I serum 41, reacted strongly with I serum and j to X as strongly with type II serum (groups lb and ic, respectively).
Strain 57 is a distinct type II as it does not react at all with I serum and gives a + reaction in 1:400 II serum. Strain 56 reacted + in 1:200 I serum and + in 1:400, i in 1:800 and i 1:1600 II serum. In the determination of the end titer of the reactions carried out in several concentrations, we decided to count only the first i following a + reaction for the comparison of the titer with that in the heterologous serum. Experience had shown that when these weak reactions were repeated variations in the end titer were frequent.
Strains 51, 52 and 62 in the table occupy a special position since these 3 strains belong neither to type I nor to type II. Strain 51, particularly, showed no reaction (-in 1:25) in either type I or type II serum. The 2 strains, 52 and 62, reacted in 1:100 and 1: 400 I serum and 1: 100 and 1: 200 II serum and, therefore, are approximately the same in both sera. In the absorption test, however, strain 52 was unable to remove the specific agglutinins for either of these 2 types while strain 62, as a special type, removed the agglutinins from both sera. Of the 6 strains which were tested by the filtered serum 41f, 3 were heated to 560C. and 3 were tested while living. Of the former, strains 76 and 78 proved to be type I by comparative agglutination and belonged, respectively, to the groups le and ic. The classification of strains 75 and 76 was confirmed by the production of an immune serum and the testing of its agglutinins. As further confirmation absorption tests were repeated with the immune serum. Strain 75 had been previously identified as a type I by the absorption test. The high co-agglutination of strain 75 and the relatively high co-agglutination of strains 76 and 78 warrants the conclusion that the gonococcus antigen which gives an overlapping reaction is not destroyed by heating to 560C.
Of the 3 unheated cultures which were tested with serum 41f, strains 82 In consideration of the importance of this problem, we decided, in 1933, to resume these experiments and give the results obtained with 15 strains with good controls. In these experiments, we used the diagnostic sera 82 (type I) and 84 (type II). These sera were prepared from the type-specifically reacting strains just mentioned shortly after their isolation.
In this period again a definite preponderance of type I can be shown. Nine strains reacted strongly with type I serum and only weakly with type II serum. Of these, 2 reacted up to 1: 100 in type II serum and, therefore, belong to group le.
Three strains reacted with a 1:400 to 1:800 dilution of type II serum and much less strongly with type I serum (1: 25, 1:50). They, therefore, belong to groups 2c and 2d respectively. Three strains only reacted with 1:25 dilution of type I and type II serum. They, therefore, are heterologous types of group 3.
Eight strains of this period, belonging to the "irregular" or "degenerated" strains will be discussed later.
Absorption tests were not performed during this period. At this time, again, the majority of the strains could be easily classified by "comparative agglutination." As in the first period, type I was predominant and the absorption test was unnecessary.
If we divide the material thus far considered as to the frequency of types I and II and the heterologous types which can be identified by comparative agglutination, we find, in the total of 53 strains: If we make our judgment concerning the frequency of the types only on the basis of cases which are quite clear diagnostically, we find a great preponderance of type I in the first as well as in the third periods. Totalling the cases of all 3 periods, we find type I present in 66 per cent, a figure which approaches the result obtained by Tulloch (72 per cent). In the first period the percentage is much greater (85 to 86 per cent); in the second period type II is relatively more frequent (37.5 per cent) and type I more rare (50 per cent). In this and in the third periods, there occur 5 strains which are classified as belonging to "neither type I nor type II." Two of these strains were thus classified by absorption and 2 by the complete absence of any effect by either serum. In addition, 1 strain (62) showed the striking characteristic that it could remove, to a high degree, the agglutinins for both types. We shall return to a detailed discussion of this-as yet not clearly explained-group of strains which seemed to play an important rble in chronic gonorrhea.
The irregular strains These figures do not correspond perfectly with actual conditions. They must be corrected by considering the results of irregular and degenerated strains.
As "irregular strains" we understand those with which we did not obtain a clear result by comparison of the titer in both type sera. With some of these strains, neither serum was effective in dilutions higher than 1:200. In these cases, the objection might be raised that we are dealing only with co-agglutination, whereas, if a heterologous serum had been used a higher titer might have been reached. With other of these strains, on the other hand, both sera were effective in dilutions much higher than 1:200. In all of these cases, the absorption test should have been used. But, just in these cases, the absorption test was unsuccessful. In order to achieve a uniform understanding with later investigators, we therefore tried to form a plan, for the classification, according to the height of the titer in the sera of both types, of those strains whose types could not be determined by comparative agglutination. The resume shows the frequency and the classification into the different groups for all 3 periods.
In 8 cases we obtained a higher titer in type I serum than in type II serum; in 5 cases the titer was higher in type II serum than in type I serum and in 8 cases the titer was exactly the same in both sera. Strong reactions (above 1:200) occurred eleven times among these and below 1:200 ten times. Of the 11 cases with a high titer, 2 showed a four times stronger agglutination (up to Since in a few random tests absorption did not succeed and shed no light on the problem, it was not performed in these cases.
THE DEGENERATED STRAINS
In the group of degenerated strains we assembled all those which did not show perfectly homogeneous controls in saline or in normal rabbit serum. As was previously mentioned, we came to this conclusion by the experience that a reaction in saline or normal rabbit serum must be regarded as a sign of degeneration; and the results showed that such strains also acted very irregularly with immune sera. Such strains are probably also more sensitive in their reactions with the different immune sera which, in different animals, do not always contain equal quantities of normal agglutinins.
Altogether we found 35 of these degenerated strains. In the first period, 8 strains were found to be degenerate.
In a few cases, (strain 18), in which the reaction in type II serum is negative while it reaches 1:1600 in type I serum and i in 1:50 normal serum, perhaps the repetition of the test and titration of the normal serum would have shown that this strain was only transitorily influenced by normal serum. Another strain (27) too, which shows a homogeneous control in normal serum and only a slight i reaction in saline, can be considered to be a type I only if one assumes selective influence by type I serum. However, we have recorded these strains here in order to show the different grades of degeneration. Table 6 combines the degenerate strains of the second and third periods. In it, however, are presented only those strains which showed differences in titer and which were examined by the absorption test or those similar to strain 77 which gave a ± reaction in normal serum and the same reaction in the sera of both types and, therefore, are to be considered as most probably of heterologous type.
The strains examined by absorption (50, 61, 59, 73) are marked by a star. It was found that strain 61 absorbed the sera of both types to a large extent.
Strains 50 and 73 showed clear controls during absorption and exhausted the serum for their own antigen, an indication that at the time of the absorption test they had recovered from their degeneration. However, they were unable to influence the I and II agglutinins; they therefore had to be assigned to the heterologous types, with this result considered as not final.
Strain 59 could not even remove its own agglutinins, as one would expect from the experimental conditions applied. Strain 61 absorbed the specific agglutinins from the sera of both types to a high degree so that it is related to both of them.
In the second period, strain 46 could be assigned to type I and strain 69 to type II on the basis of titer difference alone. In the third period, similarly, strains 115 and 101 could be classified as type II.
Of the remaining strains not specified in this table, 9, which reacted like strain 59, must be added for the second period. Of these, 6 strains were agglutinated in dilutions of normal serum up to 1:400 and 3 up to 1: 100. Nine strains of the third period agglutinated up to the end titer in both immune sera as well as in normal serum.
In 23 of these 35 cases no indirect methods were applied. In 1 case the absorption test was unsuccessful and in the other 11 a diagnosis could be made only with reservations.
If we now take into account, in the classification of types, the results obtained in the examination of the irregular and degenerated strains, we get the following picture: On the other hand, the type designated by us as "related to types I and II" seems to have a lesser significance in acute cases of gonorrhea, although among the irregular strains there were 3 which reacted equally high in both sera and 5 which reacted to a lesser degree in both sera and which, perhaps, should be assigned to this type. This type seems to be of rather great significance in the strains isolated from cases of chronic gonorrhea.
THE STRAINS FROM CHRONIC GONORRHEA
We have examined only a few strains from chronic gonorrhea (6 in the first period and 10 in the second); all these strains had a certain tendency towards agglutination in normal serum; 2 strains were also agglutinated in saline. The majority of them, therefore, have been classified with the degenerated strains.
It was found that all these strains were highly affected by the sera of both types. This could also be proven by the absorption test which was performed with 5 of these strains (34, 37, 38, predominant strain (Tulloch) and 81 which showed clear con-trols.) They all absorbed the I and II agglutinins to the same extent.
In regard to the frequency of occurrence, this behavior is characteristic of the chronic strains. It is true that this behavior is in contrast to that of pneumococci. No parallel can be drawn with this organism, even when it has lost its specificity. However, the possibility of the relationship of 2 type-specific substances, different from each other, to a third, should not be regarded as outside the realm of feasibility. It must be mentioned that Griffith made a similar observation with streptococci. He   TABLE 7 Crossagglutination tests in their reciprocal sera, of 4 strains of gonococci (82, 83 (type I), 84 (type II) and 81) This strain, therefore, offers an analogy to the observations made by Griffith on streptococci. Furthermore, the relationship between types I and III meningococci should be remembered. In his cases, Griffith assumed "phases" similar to those of the paratyphoid bacilli. Here we might refer to an earlier paper by Casper (1928) who, in trying to prepare the carbohydrates of paratyphoid B and Breslau bacilli (in which we worked with purely specific and non-specific phases) had found that the carbohydrates obtained from all four variants were apparently identical. They were all heavily precipitated by specific Breslau serum while they were not at all or only very little influenced by non-specific Breslau serum or specific Schottmueller serum. From this, it follows that the "serological factor" is contained in all these phases of the paratyphoid bacillus but "is masked" in the production of antibodies, in the rabbit, by the specific Schottmueller and the non-specific Breslau bacillus. Another serological factor must, therefore, be dominant in these 2 phases. The conception is derived, therefore, that during a change of phase the species-specific carbohydrate can become dominant for the non-specific type of Schottmueller, while the same carbohydrate, which represents the dominant haptene of the specific Breslau type, is masked in the specific type of Schottmueller.
If one assumes, therefore, that in the cultivation of gonococci a change of phase eradicated the serological differences between the types, in a manner similar to that of the paratyphoid bacilli, the explanation of the following is made clear: (1) the relationship between strain 81 and types I and II, and (2) the frequency of the appearance of such mixed phases, (not only in chronic cases of gonorrhea but also in some acute cases) in which equally high agglutination titers were obtained in both type-specific sera, an occurrence which is not infrequent with paratyphoid bacilli.
At that time we thought of this possibility and examined different sera of type I and II gonococci, prepared partly with living and partly with heated cultures. This was done by means of slide agglutination using several strains of each type in order to demonstrate the combination of the different type-specific strains from two different phases.
The result was not quite uniform. However, a dominant overlapping of the I serum, 82, which influenced a large number of single colonies of almost all type II strains, was always observed. The II serum, 57, on the other hand, acted upon a large number of I colonies. This experiment, which suggests further illuminating observations in this direction, will be discussed in a separate paper. ' As was mentioned at the start, we separated the chronic strains, which showed only a relatively overlapping reaction in normal serum, from those obtained from cases of acute gonorrhea. We also tried to explain the overlapping reaction in both type-specific sera as a sign of degeneration.
On this fact is based the conception that normal agglutinins are increased during immunization. Absorption tests have shown, however, that the chronic strains were able to remove the specific agglutinins for the homologous strain from sera of both types. Now, however, our homologous test strains, in fixation experiments, proved to be strictly specific on every occasion, so that it is doubtful whether we can assume that they are acted upon by normal agglutinins. Perhaps one might rather assume that the chronic strains contain both phases and that they are thus also able to remove the agglutinins for the heterologous type.
THE "PREDOMINANT" STRAIN OF TULLOCH
For the purpose of comparison, we included this strain here although it had been cultivated for a long time on artificial media. It was kindly placed at our disposal by Dr. A. Cohn (1925 An additional small group of strains impressed us as of heterologous type. These strains were not agglutinated by either of the type-specific sera, or, if agglutination did occur, the titer never rose over 1:50. From this we must draw the conclusion that there is another type which, however, is seldom found.
These investigations were originally undertaken with the purpose of finding several different type-specific strains of gonococci, isolating the type-specific portion of their antigen and examining their carbohydrate content. We were able to demonstrate that each of our 2 types contained different polysaccharide-like substances to which, as is the case with pneumococci, the specific reaction had to be ascribed.
With the finding of these 2 characteristic types, difficulties arose in our investigations. The diagnostic sera had to be prepared by the immunization of rabbits with freshly isolated strains. All of these sera did not prove to be equally selective when tested with fresh gonococcus cultures. We encountered great obstacles, especially in the second period of our investigations, because of overlapping and weaker reactions. In this period, old instead of freshly isolated strains were used for the preparation of antisera. Thus it was shown that old laboratory strains suffer a change in their antigenic properties. A series of experiments with one group of freshly isolated strains demonstrated, however, that the structure of the whole bacterial antigen is more complicated than appeared to be the case after the first period of experimentation. In order to show the difficulties of the serological differentiation of types, therefore, we have considered each strain as an individual, and have shown its reaction according to various methods of examination.
In the second period we used the absorption test more often for the purpose of classification. In only a few of the cases, however, in which comparative agglutination did not succeed in classifying our strains was any conclusion reached by the use of the absorption test.
The irregular and degenerated strains make up the major portion of the unclassifiable strains. The strains obtained from cases of chronic gonorrhea belong to the degenerated strains. While gonococci of both types I and II (similar to pneumococcus I and II) were strictly specific in agglutination, as were their carbo-hydrates in precipitation, the cultures obtained from cases of chronic gonorrhea were able to absorb the sera of both types. In only one case of acute gonorrhea with good controls did we find that the specific agglutinins of both sera were absorbed to any great degree (strain 62). It seems, therefore, that these strains with antigenic valencies which overlap both type I and type II only seldom occur in acute gonorrhea while they appear more often in chronic gonorrhea and disrupt the classification. One might wish to classify a separate, "type I + type II." It is uncertain as to whether one must assume that there is a degenerated or special type which is particularly frequent in chronic gonorrhea or which might even be the etiological agent in the chronic disease.
Our bivalent strain (81) according to our experimental results, apparently corresponds to Tulloch's "predominant strain." We cannot judge whether the appearance of degeneration, with which we are dealing here, can be ascribed to the age of the culture and to its continued transplantations on artificial media. We do consider the possibility that a change of phase occurred and refer to similar observations by Griffith on streptococci.
In any event, the results of our investigations show that one must reckon with the appearance of degeneration even with some freshly isolated strains of gonococci and that, in the choice of test strains for the production of immune sera this must be considered.
Under the given conditions, therefore, the technique is not ideal since degeneration, even at the time of isolation cannot be avoided. With further improvement of culture media a greater number of strains will probably be classifiable by means of comparative agglutination.
Despite this, in 71 per cent of the cases we were able to determine the type of the strain by comparative agglutination with our type-specific immune sera. Type I was preponderant among our strains. According to our examinations, however, our type I is not identical with the "predominant" strain which Tulloch found in the majority (72 per cent) of cases.
